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(7'1) We, The Boeing .Company, or- 
ganised under the laws of the State of Dela- 
ware, United States of America, of 7755 'East 
Marginal Way, 'Seattiej Washington, United 
5 States of America, do hereby declare the in- 
venuon, for which we pray that a patent may 
be granted to us, and the method by which 
it is to be perfonnedj to be particularly de- 
scrSjed in and by the following statement: — 

10 Hiis invention relates to rotor assembhes for 
of the artictdated variety ifor use wilih vertical 
lift aircraft 

(Conventional articulated rotor assemblies 
have genferaEy been of a complex oonStniGtfon 

15 employing many elements in the load path ex- 
tending from the rotor shaft to the rotor blade. 
These assembhes generally employed three 
separate hinges for each blade so as to permit 
the blade to rotate about a pitch axis, and 

20 to pivot about lag and flapping axes. It was 
usually necessary to provide eaadi hmge with 
precision rolling element bearings, a source of 
lubrication, and suitable seais. The resulting 
•structure was heavyy oosdy to pro- 

^5 duce^ and espensivB to Tn^inrgin. Fur- 
iher^ normal procedures usually tequired 
^substantially clean facilities for assembly, in- 
fection, and over-haid. This requirement 
made field maintenance difficult, particularly 

-30 in -"view of the iact that each hmge with its 
large number of component parts was suscepti- 
ble to the effects of adverse environments. 

To improve the diaracteristics of articulated 
rotor hubs, various constructions for Tetentibn 

35 of rotor -blades have been proposed which em- 
ploy resilient bearings indudmg a plurality of 
concentric spherical plates and elastomer 
bonded together in alternate layers. In these 
instances, a resilient bearing is so constructed 

•40 that the centrifugal fonce of the blade, upon 
rotation of the hub, results in compression of 
the elastomer within the bearing while the re- 
•siHent nature of the bearing further permits 
pitch, lag, and flapping motions of the blade. 

45 IPhe layers of elastomer are sufficientiy thin 
TO iwithstand high -normal pressures, without 
ibulging outwardly, that is, in directions norm.al 
. to forces applied to the bearing, and the abihty 



of each layer to deflect in shear in order to 
accommodate blade motions about the pitch, 50 
lag, and flapping axes, is substantially inde- 
pendent of the normal pressures applied to the 
bearing. -In this manner, the resihent bearing 
is able to provide the required blade motion 
while restraining the centrifugal loads resulting 55 
from rotation of the rotor assembly. 

Although such resihent retention bearings 
are highly desirable due to their simphcity and 
reduced weight and cost over conventional 
bearings, it has been found that this -very fea- 60 
ture of resOiency often results in imbalance 
within the rotating rotor hub which in turn 
gives rise to tmdesirable vibrations. SpecLficai- 
ly, with the known constructions, tit has been 
difficult to "track" the different blades of a 65 
multiple-blade rotor system, that is, to assume 
that the tips of each of the blades would 
proceed along a uniform path. The present in- 
vention proposes a hub construction which re- 
tains all of the inherent desirable features of 70 
the resihent retention bearing construction • 
while avoiding the difftculties described. 

According to the present invaition, there is 
provided a rotor assembly for a Tcrtical lift 
drcraft comprising a rotatable hub member, 75 
a Totor blade adapted to provide lift to said 
aircraft upon rotation of said hub member, re- 
tention areeans motmting said blade on said ht^b 
memb» and including a universal bearing 
having a flxed centre and supporting said 80 
blade for pivotal movement about a lag axis 
and about a flapping axis and for rotation 
about a pitch axis, said axes dntersecting at 
said fixed centre, and a resUient bearmg 
restraining said blade against centrifugal forces 85 
inposed in response to rotation of said hub 
member and cooperating with said universal 
"bearing to permit pivotal and rotational move.- 
ment of said blade about said fixed centre. 
Preferably, the universal bearing permits 90 
longitudinal motion of the blade and thus is 
not loaded by centrifugal force and the resil- 
ient bearing includes a plurality of concentric 
part-spherical plates and elastomer bonded to- 
gether in alternate layers so as to be generally 95 
concentric -with the universal bearing. 
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Euabling the blade to move freely about the 
pitch and lag axes when assuming full flap 
or full droop conditions, a roller is mounted 
on the blade coaxial with the pitch axis and 
5 engageable, respectively with a flap stop and 
with a droop stop integral with the hub. Also, 
a lag damper extends between the hub and 
a universal joint on the blade coaxial with the 
pitch' axis so as to be fully effective to dampen 
10 blade movement about the lag axis, but sub- 
stantially ineffective to dampen blade move- 
ment about either the pitch or flapping axes. 

In order that the invention may be well un- 
derstood there wiU now be described an em- 
15 bodiment thereof, given by way of example 
only, rderence being had to the accompanying 
drawings in which : — ■ 

Figure 1 is a side elevation view, partly m 
section, of a rotor assembly according to the 
20 invention;- 

Figure 2 is a top plan viesv of the rotor 
assembly illustrated in Figure 1, certain paits 
broken away and in section for greater clanty; 
and 

25 Figure 3 is a detail view of parts shown 
in Figures 1 and 2. 

Referring initially to Figures 1 and 2, a ro- 
tor assembly includes a drive shaft 10 adapted, 
upon rotation, to rotate a hub member 12. A 

30 plurality of blades 14 are attached to the bub 
12 by means of a retention mechanism 16 
whereby rotation of the drive shaft 10 and the 
hub member 12 is imparted to the blades 14. 
The retention mechanism 16 includes a um- 

35 versal bearing 17 in the form of a ball 18 
rotatably mounted in a socket 20 fixed to a 
support member 22 spaced substantially ra- 
dially outward from a central portion 24 of 
the hub member 12. The socket 20 is prefera- 

40 bly provided with a suitable bearing surface 
for firmly engaging the ball 18 while permit- 
ting free rotation of the ball about a fixed 
centre namely, the centre of the ball 18. Pro- 
vided with a diametrically extending bore 2b, 

45 the baU 15 is adapted to receive a supporting 
shear shaft 28 integral with tiie blade 14 ad)i- 
cent its inboard end. The shear shaft 28 is 
slideable within the ball 18 along a pitch axis 
of the blade 14 and is pivotable about lag and 

50 flapping axes which intersect at the centre of 
tiiebaU. . , , 

The retention mechanism 16 also incluat^ 
a resilient bearing 30 having a centre substan- 
tially concentric with the centre of the ball 

55 18. Interposed beuveen inboard and outboard 
support elements 32 and 34, respectively, the 
resilient bearing 30 <see especially Figure 3) 
is composed of a plurality of concentric part- 
spherical plates 36 and elastomer 38 bonded 

50 together in alternate layers. The outboard ele- 
ment 34 is integral with the support member 
22 and the inboard element 32 is fixed to an 
end part 40 forming with a link part 42 an 
inward extension of tiie blade 14. 

65 It is apparent, especially in Figure 1, that 



the resilient bearing 30 is so mounted that the 
(xntrifugal force exerted by the blade 14 in 
response to rotation of the hub member 12 
results in compression of the elastomer 38. The 
layers of the elastomer 38 are sufficiently Ciun 70 
as to enable the resilient bearing 30 to widi- 
stand high normal pressures vnthout bulging 
outwardly, that is, deflecting outwardly or m 
directions transverse to the centrifugal force. 
Further, as ±e blade 14 pivots about its flap- 75 
ping and lag axes or as a suitable pitch hnk 
44 ^Figure 2) is operated to rotate the blade 
about its pitch axis, the alternate plates 3-6 
and elastomer 38 deflect in shear in a manner 
which is substantially independent of the 80 
compressive forces. Thus, the retention me- 
chansism 16 provides for required blade mo- 
tions while restraining the high centrifugal 
loads imparted by die blade. Specifically, ihc 
resilient bearing assumes all axial loads and 85 
the universal bearing carries all loads trans- 
verse to ±e pitch axis. As an additional fea- 
ture, it can be seen that should tiie resiheat 
bearing 30 faU, the interlocking arrangement 
of the suppon member 22 and the extension 90 
40 provides a substantially fail-safe constrao- 
tion preventing the blade 14 from flying off 
in a radial direction. , , n>. 

To prevent binding between the blade 14 
and the hub member 12 when the blade ts 95 
in mfl-^^Tnnm elevated or depressed positions, a 
roller 46 is suitably mounted on the extension 
40 coaxial witii the pitch axis of the blaae 
14. Whffl the blade 14 assumes its maximum 
elevated position, the roller 46 ei^es a flap icq 
stop 48 integral with the hub member 12 and 
when the blade 14 assumes a maximum de- 
pressed position, ±e roller 46 engages a droop 
stop 50 integral with the hub member 12. The 
flap stop 48 and the droop stop 5.0 are prefera- 105 
bly conical in shape in order to accommodate 
pivoting of the blade 14 about its lag axis 
when the roller 46 is engaged with either the 
flap stop 48 or the droop stop 50. 

To dampen motion of the blade 14 about its no 
lag axis, a suitable damper 52 extends between 
a lug 54 integral with the support manber 
22 for an adjacent blade 14 and a suitable 
universal joint 56 mounted on die extension 
40 substantially concentric with the pitdi axis 115 . 
of the blade 14. In this manner, tiie damper 
52 is effective to dampen movement of the 
blade 14 about its lag axis, and is substantially 
unaffected by movements of the blade 14 
about its pitch and flapping axes. 120 

An additional feature of the novel hub con- 
straction just disclosed resides in the smaller 
effective flapping mass present as compared 
with conventional constructions. That is, a 
considerable proportion of the mass, including 125 
the resilient bearing 30, the inboard support 
element 32, the extension 40, the roller 46, 
the damper 52 and the universal joint 56, is 
positioned inboard of the universal bearing 17 
and partially balances the blade 14 and its as- 130 
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sociated structure about the ball 18. -Specifical- 
ly, llie mass of tiLOse elements located inboard 
of the ball 18 provide a counter-clockwise mo- 
ment figure 1), which partially offsets dock- 
5 wise momeats of the blade .14 about the ball 
18 and aids substantially ia reducing the .vei*i- 
cal shaking forces and thus the level of vibra- 
tion. 

While the invention has been described and 
10 illustrated -with reference to a preferred em- 
bodiment, it is to be understood that various 
changes may be made without departing from 
scope of the iinivention as defined in the ap- 
pended claims. 
15 WHAT WE CLAIM IS: — 

1. A rotor assembly for a vertical lift air- 
craft, comprising a xotatable hub member, a 
rotor blade adapted to provide lift to said air- 
craft tq>on TOCation of said hub member^ reten- 

20 tion means mounting said blade on said hub 
member and including a universal bearing hav- 
ing a fixed centre and supporting said blade 
for pivotal movement about a lag axis and 
about a fiappiag axis and for rotation about 

25- a pitch axis, said axes intersecting at said fixed 
centre, and a resilient bearing restraining said 
blade against centrifugal forces imposed in re- 
sponse to rotation of said hub member and 
co-operating with said universal bearing to 

30 permit pivotal and rotational movement of said 
blade about said fixed centre. 

2. A rotor assembly -as set forth in. claim 
1 wherein said universal bearing includes a 
socket fixed to said hub member and a baU 

35 Totatably mounted in said socket and said 
blade includes a supporting shaft xotatable 
with said bail and longitudinally movable rela- 
tive to said balL 

3. A rotor assembly as set forth in claim 
40 2 wherein said hub member includes a ceniral 

portion and a suppon member spaced out- 



wardly from said central portion, the -said 
socket being fixed to said support member, 
said blade shaft being integral with the blade 
and engaged with said ball, an extension of 45 
the .blade shaft extending intermediate said 
central portion and said support member, and 
the resilient bearing beiiig mounted between 
said extension and said support member. 

4. A rotor assembly as set forth in any of 50 
daims 1 to 3 wherein said resilient bearing 
indudes a plurality of part-spherical plates 
and elastomer bonded together in alternate 
layers so as to be generally concentrated witii 
said fixed centre. 55 

•5. A rotor assembly as set forth in any of 
the preceding claims wherein said hub mraiber 
indudes a droop stop and a fiap stop and said 
blade indudes a roHer engageable ^ith said 
droop stop to define a lower Imiit of movement 60 
of said blade about said, flapping axis and 
^gageable .with said fiap stop to define an 
upper limit of movement of said blade about 
said dapping axis. 

6. A rotor assembly as set forth in any of 65 
•the preceding claims wherein said blade m- 
cludes a universal ^oint fixed to said blade sub- 
stantially coaxial with said pitch axis and m- 
cluding damper means extending between said 
hub member and said joint and adapted to 70 
dampen movement of said blade about said 

lag axis but substantially ineffective to dampen 
movement of said blade about ^id pitch and 
flapping axes. 

7. A rotor assembly substantially as herein 75 
described with reference to "flie accompanying 
drawings. 

A. A. •raORNTON & CO., 
Northumberland House, 
303-306 High Holbom, 
^London, W.Cl. 
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